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Abstract
R-parity violating bilinear (soft) terms in the supersymmetric standard model
would be the leading source for nonzero neutrino masses and mixing. We point
out that the mixing between neutralinos (charginos) and neutrinos (charged
leptons) driven by the bilinear terms take factorized forms, which may enable
us to probe the neutrino mixing parameters in a collider. It is then shown that
the Super-Kamiokande data on atmospheric neutrinos require all the baryon
number violating couplings to be substantially suppressed: λ00any < 10−9.





The supersymmetric standard model allows for the baryon number B and the lepton
number L violation. Such B and L violations are usually discarded by imposing the R-parity




























k + iµLiH2, (1)
where i, j, k are generation indices. There is, however, no compelling theoretical justica-
tion for this requirement. Rather, explicit R-parity violation would well be the origin of
nonzero neutrino masses and mixing required by the recent observation of neutrino oscilla-
tion in the Super-Kamiokande [1]. One of the essential features of L and Rp violation is the
generation of the mixing between neutralinos (charginos) and neutrinos (charged leptons).
These mixing come from the presence of L = 1 bilinear soft terms which generate nonzero
vacuum expectation values (VEVs) for sneutrino elds unaligned with i [2]. As we will
see, the neutralino-neutrino and chargino-charged lepton mixing (denoted by N and L,R,
respectively) are factorized into Rp conserving and violating parts as ij = ciaj, thereby
leading to important phenomenological consequences. If the so-called tree level mass coming
from the neutralino-neutrino mixing gives the dominant contribution to the neutrino mass
found by Super-Kamiokande collaboration, the sizes of ’s are expressed in terms of the
neutrino mass. Furthermore, the factorization property enables us to relate the neutrino
mixing parameters to the L violating sparticle decay rates to charged leptons. It also turns
out that the mixing  combined with the B violation can lead to a fast nucleon decay into
a neutrino or charged lepton, unless all the B violating couplings λ00 are suppressed very
strongly.
Let us start our discussion on the mixing  coming from the L violating bilinear terms.
The relevant soft supersymmetry (SUSY) breaking terms are
Vsoft = m
2
H1 jH1j2 + m2Li jLij2
+ (m2LiH1LiH
y
1 + BH1H2 + BiLiH2 + h.c.). (2)
When the lepton number violating terms are small, i, λ, λ
0 << 1, as indicated by small
neutrino masses advocated by current experiments, it is particularly convenient to use the
linear approximation to rotate away the i terms from the superpotential (1):
H1 ! H 01 = H1 + iLi,
Li ! L0i = Li − iH1 . (3)
which is valid only up to O(i). In this basis, the lepton number is dened as in the
supersymmetric limit, the merit of which is that the mixing  can be expressed only in
terms of the basis independent quantities, h~ν 0ii = h~νii − ihH1i implied by Eq. (3). The
L = 1 parameters in this basis become
λ0ijk ! λ0ijk − ihdjk, λijk ! λijk − ihejk,
m2LiH1 ! m2LiH1 + (m2Li −m2H1)i, Bi ! Bi − Bi . (4)
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From now on, we will not put primes for the quantities in our basis. The presence of lepton
number violating soft parameters generates nonzero VEV for sneutrino elds h~νii = −vai
where








Here tan β = v2/v1 and v = 174 GeV. Due to the sneutrino VEVs, neutrinos mix with





where mloopν comes from 1-loop diagrams involving the trilinear couplings λ
0, λ, and MN is
the usual neutralino mass matrix. Since the 3 4 matrix mD,
mD =
MZswa1 −MZcwa1 0 0MZcwa2 −MZcwa2 0 0
MZcwa3 −MZcwa3 0 0
 . (7)
is much smaller than MN , it is enough to use see-saw formula to nd the mixing matrix 
N
between weak eigenstate elds ( ~B, ~W3, ~H
0
1 ,
~H02 ) and νj :














b3 = − sin βMZ
µ













Here sw = sin θw, etc, and θw is the weak mixing angle.
In a similar way, the mixing between charged leptons and charginos can be obtained


























where mC is the diagonal charged lepton mass matrix with elements mli , and MC is the usual
chargino matrix. While the charged lepton masses mC remain untouched to a good approx-
imation, the left-handed charginos ( ~W−, ~H1
−
) mix with the left-handed leptons (e, µ, τ)
through the matrix,
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FC = M2 + M
2
W sin 2β/µ. (10)
The mixing between the charginos ( ~W+, ~H2
+












with cR1 = −
p
















Note that the right-handed mixing R contains the lepton mass suppression ml/FC .
The L violating processes arising from the mixing (8,10,11) show also the factorization
property, which may provide a striking connection to the neutrino physics, as we will see.
Here, we should mention that the physical quantities involving the mixing of ~W or ~H1 are
not given by N or L alone but by some combinations of them, for instance, N3j − L2j.





which is canceled out in the above combination. Therefore, the quantities ai which are
basis independent (3) dictate the properties of the neutralino-neutrino and chargino-charged
lepton mixing, and thus the corresponding neutrino masses shown below.





which, as is well-known, gives a mass to only one neutrino. If the tree mass (12) dominates







3. Now the matrix 









which shows that neutralinos mix only with the heaviest neutrino ν3. Here we take mν3 ’√
m2atm ’ 5 10−2 eV as implied by the Super-Kamiokande data [1], and then one nds








We recall that this value corresponds to the trilinear coupling, λ0i33  10−4 − 10−6 in the
context of minimal supergravity [4]. In addition, the mass matrix (12) determines two mixing
angles related to the heaviest neutrino [5] and thus gives rise to the oscillation amplitudes


















The other mixing angles related to the solar neutrino oscillation can be found only after
taking the next leading masses mloopν . The Super-Kamiokande data [1] requires large mixing
for νµ−ντ oscillation, and thus a  a2  a3. A limit on a21/a2 can come from the CHOOZ νe
disappearance experiment [6]: a21/a
2 < 0.05 [7] which is applicable for m2atm > 210−3eV2.
It is now important to notice that ai’s appear also in the mixing 
L,R, which can lead to L
violating sparticle decays. Of particular interest is the lightest sparticle decay with same-sign
dilepton signal (lilj (+ 4 jets)) inside a collider [8]. For instance, let us consider the two body
decay of lightest neutralino, χ01 ! ljW [9]. Having the decay rate Γ(lj)  GFM3χ01 jaj j
2/2pi,
its decay length is roughly < 1 mm. Then, one will be able to probe the neutrino oscillation
amplitudes (15) by counting the same-sign lepton events. For example, in the e+e− collider,
taking τ in one hemisphere in the direction of incident e− and counting the same-sign leptons
in the other hemisphere gives the relation





The CHOOZ result implies that (eτ)
(µτ)+(ττ)
< 0.05 independently of m2atm, and the e signals
will be seen with at least 10 times larger decay length. Otherwise, one can conclude that
m2atm < 2  10−3eV2. If Mχ01 < MW , the lightest neutralino decays into lj + 2jets via e.g.
W boson exchange, in which case the typical decay length is a few meters. Of course, details
will depend on the mass parameters in the neutralino sector [10].
Dominance of the tree mass over the loop mass is generally true if there is no align-
ment in soft masses [11]. But, the loop-to-tree mass ratio is then too small for the loop
mass to account for the solar neutrino problem. The situation can be dierent if super-
symmetry breaking process is flavor blind as in the framework of minimal supergravity, or
gauge mediated supersymmetry breaking models, which is usually required for suppressing
flavor changing processes in supersymmetric theories. In this framework, nonzero Bi and
m2LiH1 are generated at the weak scale through loop eect, and thus both the tree and loop
mass are of the radiative origin. Still, the tree mass is larger than the loop mass in large
part of parameter space due to logarithmic enhancement [12]. Of course, there could be a
cancellation in ai (5) which makes the loop mass much smaller. However, if one wants to
account for the solar and atmospheric neutrino data simultaneously [4,13], the tree mass
can be comparable with the loop mass, in which case our calculation of the mixing angles
(15) could be aected. But the qualitative feature of our conclusion is not changed.
Another immediate consequence of the mixing  is proton and neutron decay when com-
bined with the B violating couplings λ00. The four-fermion eective Lagrangian responsible







































which leads to the hadronic matrix elements described by the following operators:
A N1j(νjPRP )K− + B N3j(νcjPLP )K− + C N4j(νcjPLP )K− (17)




























Here ~m4 = m2u˜Rm
2
d˜R
,  ~m2 = m2u˜R − m2d˜R and we took m2d˜R = m2s˜R = ~m2d. Using the
naive dimensional analysis rule of Ref. [14], we estimate the size of the hadronic coecient
ξ as jξj ’ 4pif 2pi with fpi = 93 MeV. Note that contributions from B and C to the proton
decay would be suppressed comparing with those from A because of the quark masses unless
 ~m2 is very small and tanβ is very large. In a naive mass insertion method worked out
in Ref. [15], the A and B terms cannot be obtained and thus one nds less ecient decay
rates.
From the mixing (8) of the neutralinos in Eq. (17) with the neutrinos, we obtain the









where mP denotes the proton mass, etc. Then we get














In addition to this, we nd that the chargino-lepton mixing L,R allows for more tree
level decay of neutron or proton to charged leptons involving trilinear couplings other than






















D R2j(ljPLN)K− + E L2j(lcjPLP )pi0 + F L2j(lcjPLP )K0, (21)
6
where N denotes the neutron eld, Vij are the CKM matrix elements, and the dimensionless




























































where mν3 is normalized by 5  10−2 eV and the other mass parameters by 300 GeV as in
Eq. (20). We considered the nucleon decay into muon for which a/a2  1. Now taking into
account the one loop diagrams with radiative corrections to the λ00 vertex, we can constrain
the remaining λ00’s [16]. Relative to the tree diagram, one loop diagrams involving λ00ijk will







where Aloop and Atree stand for the loop and tree amplitudes, respectively. The one loop
















V i1Vij . (25)
From these one-loop suppression factors, we obtain the upper bounds on all λ00ijk’s listed in
Table I. The normalization factor x0 is given by x0 = x sin 2β. As can be seen in Table I,
the mixing induced nucleon decay provides more stringent bounds on λ00 than those from
the previous study on the product bounds [15,16] or from gauge mediated SUSY breaking
models [17]. Any of λ00 should be smaller than 10−9 << ai, λ0i33, and thus no experimental
signature from the B violating couplings would be found.
In conclusion, we investigated the consequences of R-parity violation when the bilinear
soft breaking terms are the leading source for the neutrino masses and mixing implied by the
recent Super-Kamiokande data on atmospheric neutrinos. Non-zero sneutrino VEVs lead to
the mixing between neutralinos (charginos) and neutrinos (charged leptons) which have the
factorization property. Based on this, we are able to examine the neutrino mixing parameters
in colliders, and put very strong upper bounds on the single B violating couplings.
7
REFERENCES
[1] The Super-Kamiokande Collaboration, Y. Fukuda et al., Phys. Rev. Lett. 81, 1562
(1998).
[2] L. Hall and Suzuki, Nucl. Phys. B231, 419 (1984); I.-H. Lee, Phys. Lett. 138B, 121
(1984).
[3] M. Nowakowski and A. Pilaftsis, Nucl. Phys. B461, 19 (1996).
[4] E. J. Chun, S. K. Kang, C. W. Kim and U. W. Lee, hep-ph/9807327.
[5] A. S. Joshipura and M. Nowakowski, Phys. Rev. D51, 2421 (1995).
[6] The CHOOZ Collaboration, Phys. Lett. B420, 397 (1998).
[7] V. Barger, S. Pakvasa, T.J. Weiler and K. Whisnant, hep-ph/9806387.
[8] H. Dreiner and G. G. Ross, Nucl. Phys. B365, 597 (1991); D. P. Roy, Phys. Lett. B128,
270 (1992); R. M Godbole, P. Roy and X. Tata, Nucl. Phys. B401, 67 (1993).
[9] B Mukhopadhyaya, S. Roy and F. Vissani, hep-ph/9808265.
[10] S. Y. Choi, E. J. Chun, S. K. Kang and J. S. Lee, Work in progress.
[11] F. M. Borzumati, Y. Grossman, E. Nardi and Y. Nir, Phys. Lett. B384, 123 (1996).
[12] R. Hempfling, Nucl. Phys. B478, 3 (1996); H. P. Nilles and N. Polonsky, Nucl. Phys.
B484, 33 (1997); E. Nardi, Phys. Rev. D55, 5772 (1997).
[13] A. S. Joshipura and S. K. Vempati, hep-ph/9808232.
[14] A. Manohar and H. Georgi, Nucl. Phys. B234, 239 (1984); H. Georgi and L. Randall,
Nucl. Phys. B276, 41 (1986).
[15] G. Bhattacharyya and P. B. Pal, hep-ph/9806214; hep-ph/9809493.
[16] I. Hinchlie and T. Kaeding, Phys. Rev. D47, 279 (1993); A. Y. Smirnov and F. Vissani,
Phys. Lett. B380, 317 (1996).
[17] K. Choi, E. J. Chun and J. S. Lee, Phys. Rev. D55, R3924 (1997). K. Choi, K. Hwang
and J. S. Lee, Phys. Lett. B428, 129 (1998).
8
TABLES
TABLE I. Constraints on λ00ijk obtained by combining the proton decay limits and the Su-
per-Kamiokande neutrino data. The normalization factors x,w, y, z, x0 can be found in the text.
Coupling Constraint
λ00112 6 10−19 x
λ00113 3 10−15 w
λ00123 7 10−15 w
λ00212 2 10−13 y
λ00213 1 10−10 x0
λ00223 5 10−10 x0
λ00312 3 10−14 z
λ00313 2 10−11 x0
λ00323 1 10−10 x0
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